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SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN that we, Kiriko Yamada, Takayoshi Sasao, 
Masahisa Sakai, and Junichi Kubota, all residents and citizens of Japan, 
have invented certain new and useful improvements in an 

OPTICAL WIRELESS COMMUNICATIONS SYSTEM 

of which the following is a specification. 
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OPTICAL WIRELESS COMMUNICATIONS SYSTEM 

BACKGROUND OF THE INVENTION 
The present invention relates to an optical wireless communications 
5 system for transmitting, for example, video signals to a video system in which a 
video supply apparatus and a video display apparatus are separated firom each 
other. 

Illustrated in FIG. 1 is a known separated-type video system in which a 
video supply apparatus 1 and a video display apparatus 2 are separated from each 
10 other. Video and audio signals are transmitted from the video supply apparatus 1 
to the video display apparatus 2 through a dedicated connector cable 3. 

When users purchase separated-type video systems such as home-use 
plasma display TVs, an about 3m-length connector cable is attached to each TV as 
an accessory. Thus, he or she must purchase another longer connector cable, if 
15 required. Such a connector cable is elastic and usually has a diameter of about 10 
mm. Thus, care must be taken when laying a connector cable. 

A thin video display apparatus of a known separated-type video system 
can be hung over a wall but requires a relatively thick connector cable laid on the 
wall, which marring the beauty. Moreover, the location of placement of a video 
20 supply apparatus, such as a tuner, is limited due to the connector cable laid on the 
wall. Therefore, the video supply apparatus and the video display apparatus 
cannot be freely placed apart from each other. 

A known electromagnetic video/audio transmission interface instead of 
such a connector cable has a limited transfer speed and requires signal 
25 compression. 

Also illusti^ated in FIG. 2 is a known optical wireless communications 
system disclosed, for example, in Japanese Unexamined Patent Publication No. 
2000-22632. 

This system is equipped with an optical fransmitter 4 set on a video supply 
30 apparatus 1 and an optical receiver 5 set on a video display apparatus 2. The 
optical transmitter 4 emits an optical signal modulated with video and audio signals. 
The optical receiver 5 receives and demodulates the optical signal to reproduce the 
video and audio signals. A laser diode used as a photoemitter for the optical 
transmitter 4 serves to transmit an optical signal at high speed, thus achieving 
35 non-compression signal transmission even for high-vision video signals. 

Optical wireless communications systems require optical-axis adjustments 



2 



between an optical transmitter and an optical receiver. For example, Japanese 

Patent No. 3059870 discloses an optical-axis adjusting method \A/hich employs a 

guide (pitot) beam besides a light beam for signal transmission. 

In usual all-in-one type TV sets having a video supply apparatus integrated 
5 with a video display apparatus, a user points a remote controller towards the video 

display apparatus for several adjustments to the video supply apparatus, such as, 

channel change and volume control. 

Compared to ail-in-one type TV sets, in separated-type video systems, 

such as the one illustrated in FIG. 2, a user must point a remote controller towards 
10 the video supply apparatus 1 , not the video display apparatus 2, for adjustments to 

the video supply apparatus 1 , such as, channel change and volume control. 

Nevertheless, since most users are accustomed to point a remote 

controller towards a video display apparatus, he or she often cannot help but point a 

remote controller towards the video display apparatus 2, not the video supply 
15 apparatus 1, even in the video system illustrated in FIG. 2. This is very 

inconvenient for users. 

In order to avoid such a problem, the video display apparatus 2 can be 

equipped with a control-signal receiver, a receiver for receiving a remote control 

signal sent from a remote controller. 
20 The received remote control signal is transmitted from the optical receiver 5 

to the video supply apparatus 1 via the optical transmitter 4. 

Notwithstanding, such a system requires a control-signal transmitter at the 

optical receiver 5 while a control-signal receiver at the optical transmitter 4. This 

makes the system complex and expensive. 
25 Moreover, in order to confirm whether the video display apparatus 2 and 

the optical receiver 5 are normally working, information on whether these 

apparatuses are normally working must be transmitted from the optical receiver 5 to 

the optical transmitter 4. This mechanism requires a transmitter for transmitting 

such information at the optical receiver 5 while a receiver for receiving such 
30 information at the optical transmitter 4. This also makes the system complex and 

expensive. 

SUMMARY OF THE INVENTION 
A purpose of the present invention is to provide an optical wireless 
35 communications system in which a remote control signal or other information can be 
transmitted from an optical wireless communications apparatus to another optical 
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wireless cxxnmunications apparatus, in simple configuration. 

The present invention provides an optical \Mreless communications system 
comprising: a first optical NMreless communications apparatus for transmitting a pilot 
beam; and a second optical wireless communications apparatus for receiving the 
5 pilot beam to have a match for an optical axis of the first optical wireless 
communications apparatus and another optical axis of the second optical wireless 
communications apparatus, wherein the first optical wireless communications 
apparatus includes a modulator for modulating the pilot beam with a specific signal, 
and the second optical wireless communications apparatus includes a demodulator 

10 for demodulating the modulated and transmitted pilot beam to reproduce the 
specific signal and sending the reproduced specific signal to at least either the 
second optical wireless communications apparatus or an apparatus connected to 
the second optical wireless communications apparatus. 

Moreover, the present invention provides an optical wireless 

15 communications system to be used for a video system having a video supply 
apparatus and a video display apparatus placed apart from each other comprising: 
a first optical wireless communications apparatus, provided for the video display 
apparatus, for transmitting a pilot beam; and a second optical wireless 
communications apparatus, provided for the video supply apparatus, for transmitting 

20 an optical signal carrying a video signal to the video display apparatus via the first 
optical wireless communications apparatus and for receiving the pilot beam to have 
a match for an optical axis of the first optical wireless communications apparatus 
and another optical axis of the second optical wireless communications apparatus, 
wherein the first optical wireless communications apparatus includes a modulator for 

25 modulating the pilot beam with a specific signal, and the second optical wireless 
communications apparatus includes a demodulator for demodulating the modulated 
and transmitted pilot beam to reproduce the specific signal and sending the 
reproduced specific signal to at least either the second optical wireless 
communications apparatus or an apparatus connected to the second optical 

3 0 wireless communications apparatus. 



BRIEF DESCRIPTION OF DRAWINGS 
FIG. 1 illustrates a known separated-type video system; 
FIG. 2 illustrates a known optical wireless communications system; 
35 FIG. 3 illustrates a first embodiment of an optical wireless communications 

system according to the present invention; 
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FIGS. 4A and 4B illustrate the main configuration of an optical transmitter 
shown in FIG. 3; 

FIGS. 5A and 5B illustrate the main configuration of an optical receiver 
sho\A^ in FIG. 3; 

5 FIG. 6 shows a circuit block diagram for achieving optical-axis adjustments 

in the first embodiment; 

FIG. 7 illustrates movements of a beam spot used in the optical-axis 
adjustments in the first embodiment; 

FIG. 8 shows a flowchart indicating procedures of optical-axis adjustments 
10 in the first embodiment; 

FIGS. 9A to 9E show formats of a remote control signal recommended by 
Association for Electric Home Appliances of Japan; 

FIG. 10 illustrates an exemplary circuit block diagram for ASK modulation; 
FIG. 1 1 illustrates an exemplary circuit block diagram for ASK 
15 demodulation; and 

FIG. 12 illustrates a third embodiment of an optical wireless 
communications system according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

20 Disclosed next with reference to the drawings are several embodiments of 

optical wireless communications systems applicable to separated-type optical video 
systems in which a video supply apparatus and a video display apparatus are 
placed apart fi^om each other. The separated-type video systems may be a 
plasma display, a liquid crystal display, rear projector, etc. 

25 [First Embodiment] 

Illustrated in FIG. 3 is a first embodiment of an optical wireless 
communications system according to the present invention applicable to a 
separated-type video system in which a video supply apparatus 10 and a video 
display apparatus 20 are placed apart from each other. An optical signal carrying 

30 video and audio signals is transmitted from the video supply apparatus 10 to the 
video display apparatus 20 via the optical wireless communications system. 

This system is equipped with an optical transceiver 40 connected to the 
video supply apparatus 10 and another optical transceiver 50 connected to the 
video display apparatus 20. 

35 The optical transceiver 40 converts video and audio signals supplied by 

the video supply apparatus 10 into an optical signal and emits the optical signal. 



The optical transceiver 50 receives and demodulates the optical signal to reproduce 
the video and audio signals, and sends the reproduced video and audio signals to 
the video display apparatus 20. 

For secure the optical communications, the optical transceiver 50 transmits 
5 a pilot beam P to the optical transceiver 40. The optical transceiver 40 receives the 
pilot beam P for optical-axis adjustments. 

The video display apparatus 20 is equipped with a control-signal receiver 
2a, a receiver for receiving, for example, an infrared remote control signal R from a 
wireless remote controller 17 for controlling the video supply apparatus 10. The 
10 optical transceiver 40 may also be controlled by the remote controller 17. The 
remote-control signal receiver 2a may be installed in the optical transceiver 50. 

The optical transceiver 50 modulates the pilot beam P with the remote 
control signal R received at the control-signal receiver 2a, and transmits the 
modulated pilot beam P to the optical transceiver 40, via a pilot-beam transmitter 
15 (which will be disclosed later) installed in the optical transceiver 50. 

The optical transceiver 40 receives the modulated pilot beam P via a 
pilot-beam receiver (which will be disclosed later) installed therein, reproduces the 
remote control signal R and sends the reproduced signal R to the video supply 
apparatus 10. 

20 As illustrated in FIG. 4A, the optical transceiver 40 is equipped with a 

photoemitter 80 and a divergent-light receptor (the pilot-beam receiver) 14. 

The photoemitter 80 converts video and audio signals supplied by the 
video supply apparatus 10 into an optical signal and transmits the optical signal to 
the optical transceiver 50. The divergent-light receptor 14 converts a divergent 

25 optical signal (the pilot beam P for optical-axis adjustments) transmitted from the 
optical transceiver 50 into an electric signal. 

The photoemitter 80 includes an optical emitting device 60, such as an 
LED or LD (laser diode), and an optical element 70, such as a lens. The 
divergent-light receptor 14 includes an optical receiving device 12 (which will be 

30 disclosed later) and an optical element 1 3, such as a lens. 

As illustrated in FIG. 4B, the photoemitter 80 and the divergent-light 
receptor 14 are allowed to rotate in a horizontal (PAN) and also a vertical (TILT) 
direction, as indicated by arrows, so that they can be pointed towards the optical 
transceiver 50. 

35 Also illusfrated in FIG. 5A. the optical transceiver 50 is equipped with a 

photoreceptor 1 1 and a divergent-light emitter (the pilot-beam transmitter) 16. 
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The photoreceptor 1 1 reproduces video and audio signals from the optical 
signal transmitted by the opticaJ transceiver 40 and sends the video and audio 
signals to the video display apparatus 20. The divergent-light emitter 16 modulates 
the pilot beam P for optical-axis adjustments with the remote control signal R 
5 received at the control-signal receiver 2a and transmits the modulated divergent 
pilot beam P. 

The photoreceptor 11 includes an optical receiving device 90, such as a 
PD (photodiode) or an APD (avalanche photodiode), and an optical element 10, 
such as a lens. The divergent-light emitter 16 includes optical emitting devices 15i 
1 0 such as LEDs for emitting divergent light. 

As illustrated in FIG. 5B, the photoreceptor 11 and the divergent-light 
emitter 16 are allowed to rotate in a horizontal (PAN) and also a vertical (TILT) 
direction, as indicated by arrows, so that they can be pointed towards the optical 
transceiver 40. 

15 In operation, the optical transceiver 50 is roughly pointed towards the 

optical transceiver 40. The divergent-light emitter 16 of the optical transceiver 50 
emits the divergent pilot beam P for optical-axis adjustments. The divergent-light 
receptor 14 catches the pilot beam P transmitted from the divergent-light emitter 16, 
while the optical transceiver 40 is rotating, to have a match for the optical axes 

20 between the optical transceivers 40 and 50. 

Disclosed next with reference to FIGS. 6, 7 and 8 is a method of 
optical-axis adjustments with a quadrant PD 18 as the optical receiving device 12 of 
the diverg^t-light receptor 14. FIG. 6 shows a circuit block diagram installed in the 
optical transceiver 40 for achieving optical-axis adjustments with a pilot beam P. 

25 FIG. 7 illustrates movements of a spot of the pilot beam P on the optical receiving 
device 12 of the optical transceiver 40, the beam P being modulated with a constant 
frequency fc and transmitted from the optical transceiver 50. FIG. 8 shows a 
flowchart indicating procedures of optical-axis adjustments with the pilot beam P. 

The pilot beam P modulated with the constant firequency fc and 

30 transmitted from the divergent-light emitter 16 of the optical transceiver 50 is 
converted, by four PD cells PDA PD-B, PD.C and PD.D of the quadrant PD 18, into 
electric signals SIGA SIG-B, SIG-C and SIG.D having amplitudes in accordance 
with the amounts of light, in step SI . 

The etectric signals SIGA SIG.B, SIG-C and SIG.D are amplified by 

35 amplifiers 19, 20, 21 and 22, respectively, in step S2. The amplified electric signals 
SIGA SIG-B, SIG-C and SIG-D are switched by a switch 23 under control by a 
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microprocessor 26, such as a microcomputer or DSP (digital signal processor). 
The switched signals are sequentially rectified by a rectifier 24 so that a frequency 
component fc is extracted from the pilot beam P, in step S3. The frequency 
component fc is sent to a level detector 25 so that the level of received light is 
5 converted into a DC level, in step S4. 

Instead of the microprocessor 26, four rectifiers and four level detectors 
may be provided to simultaneously process the electric signals SIGA SIG-B, SIG.C 
and SIG-D. 

The DC level of light received at each of the four PD cells is sent to the 
10 microprocessor 26. The microprocessor 26 calculates the difference between the 
DC level (SIG-B) from the PD cell PDB and the DC level (SIG-D) from the PD cell 
PD-D, in step S5, the two cells being arranged in the horizontal (PAN) direction on 
the quadrant PD 18. 

If the difference of the levels of received light is not zero (NO in step S5), 
15 the microprocessor 26 calculates the amount of driving force to rotate the optical 
transceiver 40 in the direction PAN to have zero in the level difference, in step S6. 

The calculated amount of driving force is converted into an analog signal by 
a D/A converter 27, the analog signal being sent to an actuator 29, in step S7. The 
actuator 29 rotates the optical transceiver 40 in the direction PAN in accordance 
2 0 with the calculated amount of driving force, in step S8. 

If the difference of the levels of received light is zero (YES in step S5), the 
microprocessor 26 calculates the difference between the DC level (SIG-A) from the 
PD cell PDA and the DC level (SIG-C) from the PD cell PD.C, in step S9, the two 
cells being arranged in the vertical (TILT) direction on the quadrant PD 18. 
25 If the difference of the levels of received light is not zero (NO in step S9), 

the microprocessor 26 calculates the amount of driving force to rotate the optical 
transceiver 40 in the direction TILT to have zero in the level difference, in step SI 0. 

The calculated amount of driving force is converted into an analog signal by 
a D/A converter 28, the analog signal being sent to an actuator 30, in step S11. 
30 The actuator 30 rotates the optical transceiver 40 in the direction TILT in accordance 
with the calculated amount of driving force, in step SI 2. 

Steps S5 to SI 2 are illustrated in FIG. 7 which shows the pilot beam P 
spotted at a left-upper section of the quadrant PD 1 8. 

In step [1] (steps S5 to S8): The difference is calculated between the DC 
35 level from the PD cell PD.B and the DC level from the PD cell PD-D arranged in the 
horizontal (PAN) direction on the quadrant PD 18. The optical transceiver 40 is 
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rotated in the direction PAN so that the spot of pilot beam P is shifted to right to have 
zero in level difference. 

In step [2] (steps S9 to S12): The difference is calculated bet\A/een the DC 
level from the PD cell PDj^ and the DC level from the PD cell PD.C arranged in the 
5 vertical (TILT) direction on the quadrant PD 18. The optical transceiver 40 is 
rotated in the direction TILT so that the spot of pilot beam P is shifted do\A^ to have 
zero in level difference. 

As disclosed, the optical transceiver 40 is rotated so that the spot of pilot 
beam P can be positioned at the center of the quadrant PD 1 8 at which the amounts 
10 of light received by the four PD cells are equal. This adjustment provides a match 
for the optical axes between the optical transceiver 40 and the optical transceiver 
50. 

The optical receiving device 12 may be a single PD instead of the quadrant 
PD 18 disclosed above. In optical-axis adjustments with such a single PD, the 
15 optical transceiver 40 rotates to catch the pilot beam P, and then stops when it 
catches the beam P. 

Moreover, the optical receiving device 12 may be a two-dimensional 
imaging device, such as, a CCD (charge-coupled device). In optical-axis 
adjustments with such a CCD, the optical transceiver 40 can instantaneously catch 
20 the pilot beam P and rotate in the direction of the beam P. 

In the separated-type video system shown in FIG. 3, the remote control 
signal R transmitted from the remote controller 17 to the control-signal receiver 2a of 
the video display apparatus 20 is further transmitted to the video supply apparatus 
10 

25 In detail, the remote control signal R is transmitted firom the optical 

transceiver 50 to the optical transceiver 40 after the optical-axis adjustments 
therebetween are completed with the pilot beam P modulated with the remote 
control signal R and emitted by the divergent-light emitter 16 of the optical 
transceiver 50. 

30 Shown in FIGS. 9A to 9E are formats of the remote control signal R 

recommended by Association for Electric Home Appliances (AEHA) of Japan. 

In detail, formats shown in FIGS. 9A to 9E are as follows: the entire format 
of the remote control signal R in FIG. 9A' a leader field in FIG. 9B; a bit 
configuration in FIG. 9C; a trailer field in FIG. 9D; and a repeated code in FIG. 9E. 

35 The AEHA-recommended format consists of a leader field, a custom-code 

field, a parity field of the custom-code field, and a data field. A code registered with 
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AEHA must be used for the custom-code field. In contrast, the number of bytes 
and definition are free of choice for the data field. 

Illustrated in FIG. 10 is an exemplary circuit block diagram for modulating 
the pilot beam P with the remote control signal R by ASK (Amplitude-Shift Keying) 
5 modulation, installed in the optical transceiver 50. What is modulated with the 
remote control signal R, or g(t), is a sign carrier wave A * coswct of the pilot beam P 
having a single frequency very much higher than the maximum firequency 
component of the remote control signal R. 

The pilot beam P may be modulated by FM or PM modulation instead of 
10 ASK modulation. Moreover, it may be modulated not with the remote control signal 
R itself but with a signal indicating the content of a command carried by the control 
signal R or other information. Such a signal carrying a command content or other 
information may be produced by the video display apparatus 20 or the optical 
transceiver 50. 

15 Illustrated in FIG. 11 is an exemplary circuit block diagram for demodulating 

the remote control signal R from the pilot beam P modulated by ASK modulation, 
installed in the optical transceiver 40. The control signal R is demodulated by FM 
or PM demodulation when the pilot beam P is modulated by FM or PM modulation. 
The modulated and transmitted pilot beam P, or r(t) = s(t) + n(t) is multiplied by a 

20 locally oscillated sign wave B * coswct having the same frequency and phase as the 
carrier wave lost in the modulation disclosed above, thus the remote control signal R, 
or A * g(t) + n(t) being demodulated by synchronized detection. The pilot beam P 
may be demodulated by FM or PM demodulation instead of ASK demodulation. 
[Second Embodiment] 

25 A second embodiment of an optical wireless communications system 

according to the present invention has the following additional features to the first 
embodiment disclosed above. 

The pilot beam P for optical-axis adjustments emitted by the divergent-light 
emitter 16 of the optical transceiver 50 can be modulated with a signal carrying 

3 0 several types of information. 

Such information may be adjustments information for the optical transceiver 
50 as to whether it is receiving an enough amount of light carrying video and audio 
signals, information on conditions of the optical transceiver 50, the video display 
apparatus 20 as to whether images are being displayed thereon, etc. 

35 Modulation of the pilot beam P with such information allows, for example, 

information on receiving conditions at the optical transceiver 50 to be transmitted to 
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the optical transceiver 40, thus achieving further precise optical-axis adjustments. 

On completion of the optical-axis adjustments, the following two-way 
communications are achieved: transmission of video and audio signals from the 
video supply apparatus 10 to the video display apparatus 20; and transmission of 
5 conditions of the video display apparatus 20 and/or the optical transceiver 50 to the 
video supply apparatus 1 0 and the optical transceiver 40. 

These features allow users to deal, at the video supply apparatus's side, 
with troubles arising at the video display apparatus's side. 

[Third Embodiment] 

10 Illustrated in FIG. 12 is a third embodiment of an optical wireless 

communications system according to the present invention applicable to a 
separated-type video system in which a VTR (video tape recorder) 31 and a TV set 
32 are placed apart from each other. An optical signal carrying video and audio 
signals is transmitted from the VTR 31 to the TV set 32 via the optical wireless 

15 communications system. 

This system is equipped with an optical transceiver 40a connected to the 
VTR 31 and an optical transceiver 50a connected to the TV set 32. The optical 
transceiver 40a emits an optical signal modulated with video and audio signals. 
The optical transceiver 50a receives and demodulates the optical signal to 

2 0 reproduce the video and audio signals. The video and audio signals are sent to the 
TV set 32. 

The third embodiment of the optical wireless communications system 
allows users to view images reproduced at the VTR 31 on the TV set 32 with no 
connector cables even though the VTR 31 and the TV set 32 are placed apart from 
25 each other. 

In known separated-type video systems, a user has to point a remote 
controller towards a TV set or VTR, depending on what he or she wants to adjust. 

On the contrary, in the third embodiment of the optical wireless 
communications system, like the first embodiment, a user points a remote controller 

30 1 7a only towards the TV set 32. A control-signal receiver 2b installed in the TV set 
32 receives a remote control signal Rv transmitted from the remote controller 17a. 
The optical transceiver 50a modulates a pilot beam P for optical-axis adjustments 
with the remote control signal Rv received at the control-signal receiver 2b, and 
transmits the modulated pilot beam P to the optical transceiver 40a. The optical 

35 transceiver 40a demodulates the pilot beam P to reproduce the remote control 
signat Rv. The reproduced remote control signal Rv is sent to the VTR 31 . 
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As a modification to the third embodiment, the control-signal receiver 2b 
can be modified as receiving the remote control signal Rv for controlling the VTR 31 
and also a remote control signal Rt for controlling the TV set 32. 

A user points the remote controller 17a or 17b towards the TV set 32 only, 
5 depending on either the VTR 31 or TV set 32 the user wants to adjust. 

The optical transceiver 50a modulates a pilot beam P for optical-axis 
adjustments with only the remote control signal Rv received at the remote-control 
signal receiver 2b, and transmits the modulated pilot beam P to the optical 
transceiver 40a. The optical transceiver 40a demodulates the pilot beam P to 
10 reproduce the remote control signal Rv. The reproduced remote control signal Rv 
is sent to the VTR 31. 

The remote control signal Rt received at the remote-control signal receiver 
2b is used as it is for controlling the TV set 32. 

The embodiments disclosed above relate to optical wireless 
15 communications systems for transmitting video and audio signals to a video system 
in which a video supply apparatus and a video display apparatus are placed apart 
from each other 

Nonetheless, the present invention is also applicable to any optical wireless 

communications systems for transmitting audio signals only or data signals between 
20 two or more of communications apparatuses in which one apparatus can transmit a 

pilot beam for optical-axis adjustments, to another apparatus, modulated with a 

control signal for controlling the latter apparatus. 

As disclosed above in detail, a pilot beam to be used by a first optical 

transceiver for adjusting the optical axes between the first optical transceiver and a 
25 second optical transceiver is modulated with a remote control signal and transmitted 

from the second optical transceiver to the first optical transceiver. 

Therefore, the present invention achieves transmission of a remote controF 

signal, for example, from a video display apparatus to a video supply apparatus, 

with simple configuration. 
30 This is very convenient for users in use of separated-type video systems in 

which a video supply apparatus and a video display apparatus are placed apart 

from each other. 

Moreover, according to the present invention, a pilot beam to be used by a 
first optical transceiver for adjusting the optical axes between the first optical 
35 transceiver and a second optical transceiver can be modulated with information on 
whether the second optical transceiver and/or a video display apparatus are/is 
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working normally and transmitted from the second optical transceiver to the first 
optical transceiver 

Therefore, the present invention achieves transmission of information on 
whether the second optical transceiver and/or the video display apparatus are/is 
5 working normally from the second optical transceiver to the first optical transceiver, 
with simple configuration, which provides precise control in accordance with the 
system conditions. 

Furthermore, the present invention achieves transmission of a control 
signal from one optical wireless communications apparatus to another optical 
1 0 wireless communications apparatus for controlling the latter. 



